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aBstraCt
BaCkground: The purpose of this study was to quantify the inter-eye difference in corneal sensations in patients 
with infectious corneal ulcers using the Cochet-Bonnet esthesiometer (CBE). 
Material and Methods: Patients with unilateral corneal ulcers of at least 1.5 mm of the clear cornea in all 
quadrants meeting the study criteria were identified and enrolled. The clinical features with their etiologies were 
noted. The corneal sensations were measured with CBE in all four quadrants. Patients were further sub-categorized 
based on the surface area and the “time to heal” of the ulcers for further correlation and analysis.
results: This was a cross-sectional study conducted at a tertiary care center. The study included 35 patients, with 
the majority (30 patients, 85.7%) diagnosed with fungal etiology. The average corneal sensations in the ulcer and 
the normal eyes were 52.29 mm and 57.36 mm, respectively. The inter-eye differences were 3.93 mm (p = 0.06) and 
6.55 mm (p =0.04) among patients with an average surface area of ≤ 10 mm2 and > 10 mm2, respectively. Patients 
who took up to 30 days and > 30 days to heal had inter-eye differences in a sensation of 0.71 mm (p = 0.04) and 
6.14 mm (p = 0.05), respectively.
ConClusions: The mean corneal sensations in all quadrants were less significant in the infectious ulcer eyes than 
normal eyes. Infectious ulcers with a surface area of > 10 mm2 had greater inter-eye differences in their corneal sens-
itivities. Patients who took a longer ‘time to heal’ of > 30 days showed a significant and greater inter-eye difference 
in their corneal sensitivities.
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introduCtion
The cornea is the most extensively innervated 
structure of the human body, supplied by the ter-
minal branches of the trigeminal nerve’s ophthalmic 
division as ciliary nerves [1]. These nerves not only 
carry sensations of pain, touch, or temperature but 
also regulate the blink reflex, healing after ocular 
surface injuries and secretion of the tears [2]. In re-
sponse to any corneal damage, the afferent impulse 
is triggered when the plexus of corneal nerves is ex-
posed or when sensory neural circuits are disrupted 
[2, 3]. Corneal sensitivity is affected significantly 
by ocular surface disorders or surgeries, which may 
compromise the protective blink reflex or delay epi-
thelial wound healing. The decrease in sensitivity 
further can lead to poor wound remodeling and 
recurrent ocular surface erosions [3–5]. Measure-
ment of the sensitivity is an indirect indicator of 
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the cornea’s protective mechanisms’ integrity and 
thereby an indirect measure of the corneal nerve 
function [4, 6].
The Cochet-Bonnet esthesiometer (CBE) is tra-
ditionally used to measure and quantify the ocular 
surface sensitivity [6, 7]. The Cochet-Bonnet esthe-
siometer employs a non-invasive technique and op-
erates by applying variable pressures on the corneal 
surface via alteration of the nylon filament’s length. 
As the filament is retracted and made shorter, it be-
comes stiffer and is easier to feel. Conversely, a long-
er filament applies less pressure and requires greater 
corneal sensitivity to detect a touch. Therefore, the 
corneal sensitivity (the mechano-nociceptor re-
sponse to the non-invasive mechanical stimulus) of 
the ocular surface can be measured as the filament’s 
length. Typically, the tip of the nylon filament stim-
ulates nerve terminal endings over a test area of 
0.012 mm2 on the cornea, corresponding to around 
6–77 terminal endings per square millimeter [3].
The knowledge of alterations in corneal sensitivi-
ties in patients with infectious corneal ulcers would 
be a useful measure in evaluating such patients and 
understanding the outcome of their healing proc-
esses. In our study, we aimed to quantify the corneal 
sensitivity change in the ulcer eye as compared to 
the contralateral (normal) eye using the CBE and 
assess the inter-eye variation to the size and correla-
tion to the time taken for the ulcers to heal clini-
cally.
Material and Methods
This was a cross-sectional study conducted at the 
Department of Ophthalmology of a tertiary-care 
center in South-India between January and May 
2018. The study was approved by the Institutional 
Review Board and the Ethics Committee (Min. 
No. 11098, dated 10.01.2018) and followed the 
Tenets of Declaration of Helsinki. All patients who 
were diagnosed with infectious corneal ulcers (ei-
ther admitted for in-patient-care or on follow-up) 
satisfying the inclusion and exclusion criteria were 
identified and enrolled after informed consent. This 
included patients above the age of 18 years with 
unilateral infectious ulcers with at least 1.5 mm of 
the clear cornea in all quadrants. As defined in our 
study, the corneal ulcer was the presence of a cor-
neal infiltrate and an overlying epithelial defect on 
clinical examination. Patients with any past history 
of intra-ocular surgeries or ocular surface proce-
dures in any of the eyes, bilateral corneal ulcers, 
ocular surface pathologies, past history of contact 
lens wear, dry eye diseases, use of anesthetic drop in 
the preceding 6 hours of examination, and mental-
ly-challenged or uncooperative were excluded from 
the study. 
The patients’ data were collected, and all pa-
tients underwent routine ocular examination as 
per the clinic protocol following which the corneal 
sensations were measured with the CBE (Luneau 
Ophthalmogia, France). Corneal sensitivity meas-
urements were done as per the standard operating 
protocol by a single investigator. Patients were given 
a distant target, and keeping the filament perpen-
dicular to the cornea, the sensations were measured 
around 1.5 mm inside the limbus. The sensations 
were assessed at the 12, 3, 6, and 9 o’clock positions 
in a pre-determined sequential order; superior, tem-
poral, inferior, and nasal, respectively, depending on 
the eye tested. The procedure was performed to en-
sure standardization of the order in which the areas 
were tested. All patients were tested in the clinically 
uninvolved region (not within the ulcer base) of the 
cornea. The assessment of each quadrant was started 
with 60 mm length of the filament (the lightest 
touch possible with the instrument). The normal 
eye was assessed first, followed by the ulcer eye, to 
avoid the spread of cross-infection. The positive re-
sponse was considered a blink or when the patient 
claimed to have felt the touch along with a visible 
bending of the filament. A negative response was 
an absent response or an absent blink to the visible 
bending of the filament. After a negative response, 
the filament was retracted by 5 mm, and the test 
repeated until a positive response was obtained. 
When tested with a 5 mm length of the filament, 
a negative response was considered an absent re-
sponse. The recommended sterilization protocol of 
the manufacturer was followed before its use on 
other patients. 
All patients underwent corneal scraping for 
microbiological smear and culture as per the proto-
col of our hospital. Further information on the clin-
ical details as documented by the treating ophthal-
mologist was noted from the medical records. The 
“time to heal” was defined in our study as the 
number of days taken from the first day of reported 
symptoms to clinically scar completely and discon-
tinuation of the topical anti-microbial medications.
saMple size CalCulation
A pilot study on five patients with the same pro-
tocol was done. To detect an inter-eye difference in 
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corneal sensitivity of 5 units (using CBE) with an 
80% power at a 5% significance level, we needed 
to study 35 eyes in each arm (hypothesis testing 
of two means) assuming a standard deviation of 
normal and ulcer eyes as 3 and 9 units respectively. 
The corneal sensation of each eye was considered 
as an independent observation for the study sam-
ple analysis.
statistiCal analysis
The data were entered into Microsoft Excel and 
analyzed using Stata IC v.13.0. Quantitative vari-
ables were summarized using mean (SD, standard 
deviation) for normally distributed variables, medi-
an (IQR) for skewed variables. Pearson’s correlation 
coefficient was used to find the correlation of the 
inter-eye differences of the corneal sensitivities, etio-
logical categorization, surface area, and the “time to 
heal” of the corneal ulcers. Statistical significance 
was kept at a 5% level (p < 0.05).
results
A total of 35 patients participated in the study, 
of which 25 were males (71.4%). The mean age of 
the study population was 44.03 years (23–70 years). 
Etiologically, 30 patients in our study population 
were diagnosed with fungal ulcers (85.7%), two 
patients each with bacterial (5.7%) and viral ul-
cers (5.7%), and one with clinically indistinguish-
able etiology. Seventeen patients had an identifiable 
microbiological growth — Fusarium (8 patients), 
Aspergillus (2 patients), filamentous fungi (5 pa-
tients), and one patient each with Curvelaria Sp and 
Exserohilium Sp.
The mean corneal sensation (average of the 
four regions measured) in the ulcer and the 
normal eyes were 52.29 mm (SD ± 9.59) and 
57.36 mm (SD ± 4.01), respectively (Fig. 1A). 
This measured inter-eye difference was statisti-
cally significant (p = 0.006). Figure 1b represents 
the inter-eye difference between the sensations of 
the eyes. The ulcer eyes measured lower than the 
normal eyes in each of the four quadrants tested. 
Figure 2 shows the inter-eye mean difference of 
the measured corneal sensations based on their 
etiology. Furthermore, patients were categorized 
based on the ulcers’ surface area, viz ulcers with 
a surface area of ≤ 10 and > 10 mm2, which had 
20 and 15 patients in each group, respectively. The 
average corneal sensitivities and the significance of 
the above are shown in Table 1. The patients were 
followed-up till the complete resolution with no 
clinical ulcer activity. However, five of our patients 
were lost to follow up. Table 2 shows the inter-eye 
differences and the subgroups’ statistical signifi-
cance when categorized based on the “time to heal” 
(n = 30). The Pearson’s correlation of the “time 
to heal” and the corneal sensations were stronger 
with an increase in the number of days taken to 
heal. Pearson’s correlation of “time to heal” was 
0.373, 0.717, and 0.776 in the three groups, when 
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Figure 1. a. The average corneal sensitivity of the ulcer and the normal eyes. B. Comparison of the reduction in corneal sensitivity in 
each quadrant measured using the Cochet-Bonnet esthesiometer in the normal and ulcer eyes
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disCussion
Corneal sensitivity is an indicator of corneal 
health, and hypoesthesia has an adverse effect that 
can result in neurotropic conditions, reduced blink 
rate, and impair epithelial healing. Moreover, a sub-
tle ocular surface injury in such patients can lead to 
persistent epithelial defect and result in infectious 
keratitis [4, 5, 8]. Having an intact sensory mecha-
nism in protecting the ocular surface, maintaining 
blink reflex, and promoting the corneal epithelium’s 
healing response to injury has been established [4, 
5]. Alterations in morphology leading to corneal 
nerve dysfunction following corneal infections, ocu-
lar surface surgeries, or other pathologies (e.g., dia-
betes, dry eye disease, contact lens use, keratoconus, 
corneal dystrophies, etc.) can have an adverse effect 
on the ocular sensations [9, 10]. Trigeminal nerve 
damage in infected eyes has a direct correlation to 
the level of inflammation or is directly related to the 
infectious pathogens causing the dysfunction [9, 
10–13]. Exposure to chronic topical medications 
and long-term self-medication are well-known fac-
tors that can result in drug-dependent toxicity af-
fecting corneal sensations [14, 15]. Thus, the result-
ant change in the corneal sensitivity is a combina-
tion of the factors mentioned above. These potential 
risk factors form a vicious cycle in the healing of 
corneal infections.
Most patients enrolled in our study had fungal 
corneal ulcers (85.7%), the spectrum of which cor-
table 2. Mean corneal sensitivity measured with Cochet-Bonnet esthesiometer, categorized based on “time to heal”
time to heal (days)
no. of patients  
(n = 30)
normal eye  
(Mean ± sd)
ulcer eye  
(Mean ± sd)
inter-eye difference  
(p value)
≤ 30 7 56.79  (± 3.13) 56.07 (± 3.14) 0.71 (0.04)
> 30 to 60 16 58.98 (± 1.60) 53.13 (± 9.70) 5.86 (0.05)
> 60 7 56.96 (± 3.81) 50.18 (± 8.34) 6.79 (0.04)
SD — standard deviation
table 1. Mean corneal sensitivity measured with Cochet-Bonnet esthesiometer, categorized based on a surface area of 
ulcer
size of the ulcer (mm2) no. of patients
normal eye  
(Mean ± sd)
ulcer eye  
(Mean ± sd)
inter-eye difference  
(p value)
≤ 10 20 57.81 (± 3.39) 53.88 (± 8.69) 3.93 (0.06)
>10 15 56.75 (± 4.47) 50.20 (± 10.6) 6.55 (0.04)
SD — standard deviation
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responds to the general South-Indian data, where 
clinical fungal ulcers and fungal isolates in scrap-
ings out-number other etiologies, in contrast to 
developed countries [14–16]. Our study criteria 
to include only patients with at least 1.5 mm of 
the normal (uninvolved) cornea in all quadrants 
restricted us from including those who had ulcers 
of eccentric locations or infiltration of the periph-
ery of any particular quadrant. In clinical practice, 
one would expect to have a larger ulcer and a more 
pronounced peripheral involvement in bacterial and 
viral ulcers, respectively. Thus, an etiological distri-
bution, as seen in our study, limited the inclusions 
of such infectious ulcers. 
The average corneal sensations in our study, 
when compared between the normal and that of 
the ulcer eyes, showed an inter-eye difference of 
5.07 mm (p = 0.006) with a decreased sensitivity 
in the latter (Fig. 1A). Further categorization into 
sub-groups based on etiology also showed a signifi-
cant inter-eye difference in the sensations in patients 
with fungal and viral etiologies, the widest differ-
ence seen in the latter. The inter-eye difference with 
the ulcer eyes having lesser sensitivities is possibly 
due to the inflammation secondary to the micro-
biological infectious etiology causing damage to the 
plexus of nerves and the terminal receptors. Though 
in our study population, only two patients had viral 
keratitis, the average mean sensitivity between both 
the eyes showed a clinical and a statistical differ-
ence of 23.75 mm (p < 0.05) (Fig. 2). The study by 
Fernandez et al. [10] on patients with viral keratitis 
too showed a mean reduction in the ulcer eyes 
(16.27 mm) as compared to the contralateral eye 
(52.19 mm). Studies have shown that active herpet-
ic keratitis presents with relative hypoesthesia, and 
this drop in the sensation can persist beyond the ac-
tive period, especially when patients have recurrent 
episodes. This is logical considering the virus resides 
in the ganglion, in its dormant form [11]. These 
are not just true with viral etiology alone but have 
also been reported in cases of bacterial and fungal 
keratitis [10, 13, 17]. In such cases of microbial 
ulcers, inflammation can be a resultant of injury to 
the corneal nerve plexus leading to impaired cor-
neal sensitivity. However, the sensations in patients 
with bacterial keratitis in our study were measured 
higher, which could be secondary to corneal hyper-
sensitivity in the acute inflammatory phase. How-
ever, this finding cannot be extrapolated as a rule 
to all patients with bacterial ulcers. This could also 
be due to the fact that following nerve injury, the 
injured corneal nerves themselves exhibit altered 
functional properties and paradoxically display ab-
normal intrinsic electrical excitabil ity leading to hy-
perresponsiveness [13]. Only two patients with bac-
terial ulcers in our study fitting the inclusion criteria 
indicates the general pattern of virulence of bacteria 
progressing faster to become larger ulcers. The rate 
of spread to involve a large part of the cornea could 
also be the reason why such patients did not fit our 
study criteria (to have at least 1.5 mm of the clear 
cornea in all quadrants). Also, patients presenting 
to the tertiary-care-center would be the ones who 
did not respond to the first-line treatment given 
by their primary eye care physicians and presented 
late, whereas patients with small ulcers who would 
have otherwise fit into the study criteria responded 
to the empirical treatment and healed favorably. The 
ulcers leading to the eyes having decreased corneal 
sensitivities and the eyes which take a longer time 
to heal may have an inherent poor sensation, both 
of which are inter-related and theoretically possible. 
However, the inter-eye difference with decreased 
sensitivities in the ulcer eyes, as shown in our study, 
favors the infections that have led to decreased cor-
neal sensations. Furthermore, the comparable mean 
values of the corneal sensations of the normal eyes 
in our study to the one by Kotak et al. [18] in 
a similar population suggests that the decreased 
corneal sensations are likely to be secondary to the 
infectious ulcers and not vice versa. One needs to re-
member that the corneal ulcers leading to decreased 
sensations, further susceptibility to develop corneal 
infections, and the delay in ulcer healing could 
again form a vicious cycle in these patients.
Categorization of the patients to the ulcer’s size 
(surface area ≤ 10 mm2 and > 10 mm2) showed 
a higher inter-eye difference in the corneal sen-
sations in the group with the larger surface area. 
Patients with ulcer’s area ≤ 10 mm2 (20 patients) 
showed a mean difference of 3.93 mm between the 
ulcer and the normal eyes, which was close to be-
ing statistically significant (p = 0.06). The inter-eye 
difference was higher (6.55 mm, p = 0.04) with 
a better statistical significance in patients with ul-
cer’s area > 10 mm2 (15 patients) (Tab. 1). On 
further sub-analyzing, the group of patients with 
ulcer’s area ≥ 20 mm2, the inter-eye difference was 
10.21 mm, which was clinically and statistically 
more significant. Measurement of surface area as 
a protocol to determine an outcome measure is not 
feasible in all clinical scenarios. Having the diam-
eter measured in a clinical situation is more logi-
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cal. On back calculating, the patients with ulcer’s 
area > 10 mm2 would have an average diameter of 
3.6 mm, which can be used as a guideline during 
clinical assessment. The subset of patients accord-
ingly took a longer time to heal (average 76.1 days). 
Similarly, the inter-eye difference in the sensations 
doubled amongst the group of patients with corneal 
ulcers > 5 mm in diameter (p < 0.05). The inflam-
mation level is directly proportional to the nerve 
receptors’ damage by the infectious pathogens in 
the infected eyes, which is evident from our study, 
where the larger the ulcer, the more significant the 
drop in the corneal sensations. When the tested cor-
neal quadrants were studied individually for their 
respective corneal sensitivity values, all the four 
quadrants had a significant inter-eye difference in 
the values (Fig. 1B). The temporal quadrant had the 
maximum inter-eye difference followed by inferior, 
nasal, and superior regions, respectively. The inher-
ent property of the superior region of the cornea to 
have the least sensation as compared to the other 
regions [7] could be the reason for the region having 
the least drop and thereby a smaller inter-eye differ-
ence among the quadrants.
“Time to heal”, as defined in our study, was the 
time taken for the ulcer to heal to the point where 
the use of anti-microbial drops could be stopped, 
starting from the first day of appearance of symp-
toms. Patients were categorized based on the same 
as those who took up to 30 days, 30 to 60 days, 
and > 60 days to heal (Tab. 2). The Pearson’s correla-
tion followed a linear pattern and became stronger 
as the number of days to heal increased. When the 
patients who took > 30 days to recover were cat-
egorized into a single group, the measured inter-eye 
difference was 6.14 mm (p = 0.04), which was 
statistically significant with a clinically measurable 
difference. Assessing the corneal sensation in corneal 
pathologies with no predisposing risk factors should 
be considered essential, as absent or decrease corneal 
sensation may be a sinister sign. It is critical and 
important to test the unaffected area for the corneal 
sensitivity measurement and compared to the same 
in the contralateral (normal) eye. These will aid in 
the follow-up and act as a surrogate clinical test for 
the “time to heal” in infectious ulcers when done 
meticulously. 
In most clinical situations, when patients present 
late, a combination of different medications would 
have been trailed. In our study too, about 94.28% 
of the patients were on combinations of the treat-
ment protocol and supplementary drugs for a vari-
able period of time at the moment of enrollment 
and corneal sensitivity measurement. These con-
founding factors and the combinations were too 
many to derive useful comparisons between drug 
regimens. As our study required at least 1.5 mm 
rim of the uninvolved cornea, patients with large or 
eccentrically located ulcers were excluded, which are 
the more pertinent in understanding their clinical 
healing outcome. However, developing a standard-
ized protocol to measure the sensations in such pa-
tients may not be uniform to extrapolate to a larger 
population to understand the outcome of the dis-
ease. Our study’s other limitations included patients 
studied at different stages of the ulcer: its healing 
process could have had a hyper- or hyposensitive re-
sponse, which could not be completely eliminated. 
Also, having fewer patients with bacterial and viral 
ulcers made the cross-comparison between etiolo-
gies not possible. 
ConClusion
A definitive and statistically significant inter-eye 
difference is seen in the corneal sensations, with 
infectious ulcers eyes having decreased meas-
ured values. The reduction in corneal sensitivity 
measured with CBE was statistically more signif-
icant in eyes with infectious ulcers with surface 
area > 10 mm2 and amongst eyes that took > 30 days 
to heal.
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